D espite recent advances in stroke care, one-third of ischemic strokes remain classified as cryptogenic. 1, 2 It has been suggested that unruptured intracranial aneurysms may form a nidus for thrombus formation and downstream embolization resulting in brain infarction. 3 Because unruptured aneurysms affect ≈3% of the adult population 4 and are often found incidentally during evaluation for ischemic cerebrovascular events, 5 they may represent an underappreciated source of strokes that are currently cryptogenic. Although individual case reports [6] [7] [8] and postoperative histopathologic and radiological analyses have suggested that intra-aneurysm thrombus formation may lead to stroke, 9, 10 controlled data are lacking to support an association between unruptured aneurysms and stroke risk. We therefore performed a within-subjects study in which we compared the prevalence of unruptured intracranial aneurysms ipsilateral versus contralateral to the side of cerebral infarction among patients with acute ischemic stroke.
Methods Design
We conducted a within-subjects study among ischemic stroke patients enrolled in the Cornell Acute Stroke Academic Registry (CAESAR). The institutional review board at Weill Cornell Medical College approved this study and waived the requirement for informed consent. Deidentified data and the analytic methods that produced the results of this study are available on reasonable request from the corresponding author.
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retrospectively collected clinical, laboratory, and radiographic data. Patients' medical records from the stroke hospitalization are reviewed by a panel of 3 neurologists who adjudicate the cause of stroke per the TOAST (Trial of ORG 10172 in Acute Stroke Treatment) classification 11 and per the recently proposed definitions for embolic stroke of undetermined source. 12 For this analysis, we included patients who were registered in CAESAR from 2011 through 2016 for ischemic stroke and who underwent a brain magnetic resonance imaging study and at least 1 intracranial arterial imaging study (digital subtraction angiography, computed tomography angiography, or magnetic resonance angiography) within 14 days of admission.
Measurements
The outcome variable was cerebral infarction in the anterior circulation, classified as affecting either the left or right hemisphere. Based on standard neurovascular anatomic maps, infarcts were classified as in the territory of the right anterior cerebrovascular circulation, left anterior circulation, or posterior circulation. Radiology investigators blinded to the study hypothesis ascertained the vascular territory and laterality of infarction based on the neuroradiologist's clinical report or by direct review of magnetic resonance imaging studies when the clinical report was unclear.
The exposure variable was the presence of an unruptured intracranial aneurysm. The secondary exposure variable was aneurysm size. Investigators blinded to the study hypothesis recorded the presence, size, location, and sidedness of aneurysms by reviewing the attending neuroradiologist's clinical report of the arterial imaging study first performed after the stroke. Given the potentially severe consequences of aneurysm rupture, all intracranial arterial imaging studies at our institution are carefully reviewed for the presence of any aneurysms and these are uniformly reported if present. For this analysis, aneurysm location was categorized a priori into the following 7 territories based on the classification system used in the ISUIA (International Study of Unruptured Intracranial Aneurysms) study 13 : cavernous internal carotid artery, internal carotid artery, anterior communicating artery or anterior cerebral artery, middle cerebral artery, posterior communicating artery, vertebrobasilar or posterior cerebral artery, or basilar artery tip.
We made an a priori decision to assign left-or right-sidedness only to aneurysms of the cavernous internal carotid artery, internal carotid artery, middle cerebral artery, and posterior communicating artery because we felt that aneurysms in these locations could be plausibly linked to our outcome of an anterior circulation infarct. We included aneurysms of the posterior communicating artery because these can arise very close to the bifurcation of the internal carotid artery and thus plausibly lead to embolization downstream along the internal carotid artery. All other aneurysms were ascertained and reported for descriptive purposes but were not included in our analyses. Aneurysms of the anterior communicating artery were ignored because sidedness could not be assigned. Aneurysms of the vertebrobasilar or posterior cerebral artery or the basilar artery tip were ignored because we were focused on anterior circulation territories which have a matched contrahemispheric control. Aneurysms of the anterior cerebral artery were ignored because infarction limited to that territory occurs rarely.
The CAESAR registry contains prospectively collected information on age, sex, race, insurance status, diabetes mellitus, dyslipidemia, hypertension, coronary artery disease, congestive heart failure, chronic kidney disease, atrial fibrillation, valvular disease, peripheral vascular disease, tobacco use, and alcohol or drug abuse. We reported these characteristics of the study cohort but did not perform analyses adjusting for these factors, because each patient served as his or her own control, and these systemic factors would be expected to affect both cerebral hemispheres equally.
Statistical Analysis
McNemar test for paired data was used to compare the likelihood of an unruptured intracranial aneurysm ipsilateral versus contralateral to an anterior circulation infarct. In this design, each patient's contralateral side served as his/her own control. Under this method of analysis, only discordant cases (eg, a single unruptured aneurysm with sidedness and a single infarct in an anterior circulation territory) contributed to the calculation of the risk ratio (RR). Cases with no aneurysms, bilateral aneurysms, aneurysms without sidedness, bilateral anterior circulation infarcts, or isolated posterior circulation infarcts did not contribute to the calculation of RRs. However, we kept all these cases in our denominator because they did contribute to the calculation of absolute risks and improved generalizability.
We performed several secondary analyses. First, we used the Wilcoxon sign-rank test to compare the size of any aneurysm ipsilateral versus contralateral to infarction. Second, we excluded patients with infarcts in the anterior and posterior circulation territories or in both anterior circulation territories, because a single aneurysm could not plausibly explain these strokes. Third, we limited our analysis to only patients with cryptogenic stroke. Fourth, we limited our analysis to patients with cryptogenic stroke affecting only a single anterior circulation territory. Fifth, we excluded aneurysms <3 mm in diameter. Sixth, we excluded aneurysms <5 mm. Last, we excluded aneurysms that the neuroradiologist's report described as likely or probable instead of definite.
Results
Among 2116 patients registered in CAESAR during 2011 to 2016, 1541 patients met our inclusion criteria, of whom 176 patients (11.4%; 95% CI, 9.8-13.0%) had at least 1 intracranial aneurysm (Table 1) . These 176 patients harbored 195 total aneurysms (Table 2) . Infarcts were relatively evenly distributed among the 3 vascular territories, with ≈20% of patients having infarcts in multiple territories ( Table 2 ). The most common aneurysm location was the internal carotid artery, and most aneurysms were >3 mm ( Table 2) .
Primary Analysis
In the overall cohort, 40 patients had an unruptured aneurysm ipsilateral to an anterior circulation infarct, whereas 30 had an aneurysm contralateral to an anterior circulation infarct (absolute risk difference, 0.6%; 95% CI, −0.5% to 1.8%). When analyzing only these discordant cases, the prevalence of unruptured aneurysms did not differ significantly on the side ipsilateral versus contralateral to the infarct (RR, 1.2; 95% CI, 0.9-1.5).
Secondary Analysis
There was no significant association between aneurysms and ipsilateral stroke in secondary analyses that included only the 619 patients with cryptogenic stroke (RR, 1.4; 95% CI, 0.9-2.0; absolute risk difference, 1.4%; 95% CI, −0.5% to 3.4%), the 1244 patients with stroke in a single arterial territory (RR, 1.2; 95% CI, 0.8-1.8; absolute risk difference, 0.6%; 95% CI, −0.7% to 1.9%), or the 485 patients with cryptogenic stroke in a single arterial territory (RR, 1.7; 95% CI, 0.8-3.3; absolute risk difference, 1.6%; 95% CI, −0.8% to 4.1%).
Power Calculation
Given these numbers, our primary analysis had 80% power to detect a 1.5% or greater difference in the prevalence of aneurysms ipsilateral versus contralateral to infarction. Our secondary analysis of patients with cryptogenic stroke in a single arterial territory had 80% power to detect a 3.3% or greater difference in the prevalence of aneurysms ipsilateral versus contralateral to infarction.
Sensitivity Analyses
The size of aneurysms ipsilateral to infarction (1.9±2.0 cm) did not differ significantly from the size of aneurysms contralateral to infarction (1.6±1.8 cm; P=0.19). Our results were similar when we excluded aneurysms <3 mm (RR, 1.2; 95% CI, 0.8-1.9; absolute risk difference, 0.3%; 95% CI, −0.4% to 0.9%) or aneurysms <5 mm (RR, 0.7; 95% CI, 0.4-1.5; absolute risk difference, −0.2%; 95% CI, −0.7% to 0.3%). In a post hoc analysis, we additionally excluded aneurysms <10 mm and found similar results (RR, 1.0; 95% CI, 0.4-2.5; absolute risk difference, 0%; 95% CI, −0.4% to 0.4%). The results were also unchanged when we excluded 8 aneurysms for which the neuroradiologist's diagnosis was uncertain (RR, 1.2; 95% CI, 0.9-1.5; absolute risk difference, 0.6%; 95% CI, −0.5% to 1.7%). Because arterial dissection may serve as a nidus for both aneurysm and stroke, we conducted a post hoc sensitivity analysis excluding strokes resulting from arterial dissection. This analysis yielded similar results (RR, 1.2; 95% CI, 0.9-1.6; absolute risk difference, 0.7%; 95% CI, −0.4% to 1.8%). An additional post hoc analysis excluding lacunar strokes, which are less plausibly caused by thromboembolism from an aneurysm, yielded similar results (RR, 1.2; 95% CI, 0.9-1.5; absolute risk difference, 0.6%; 95% CI, −0.5% to 1.7%). Similarly, an analysis excluding strokes because of hypoperfusion found similar results (RR, 1.2; 95% CI, 0.9-1.6; absolute risk difference, 0.7%; 95% CI, −0.4% to 1.8%).
Discussion
Among a subset of ischemic stroke patients in the CAESAR registry, we found no significant difference in the prevalence of unruptured intracranial aneurysms ipsilateral versus contralateral to the location of cerebral infarction. There was also no significant difference in the size of aneurysms upstream of infarction versus those on the contralateral side. We found Internal carotid artery 87
Anterior cerebral artery/anterior communicating artery 34
Middle cerebral artery 16
Posterior cerebral artery 4
Posterior communicating artery 18
Basilar artery tip 6
Size of aneurysms <3 mm 112
3-4.9 mm 56
≥5 mm 27
≥10 mm 21
Data reported as number (%). CAESAR indicates Cornell Acute Stroke Academic Registry.
*Total exceeds the number of patients with stroke because some patients had infarcts in multiple vascular territories. †Total exceeds the number of patients with any aneurysm because some patients had multiple aneurysms.
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September 2018 no significant association between aneurysms and infarction across multiple secondary analyses, including analyses limited to patients with otherwise unexplained strokes. Although prior case studies have raised the hypothesis that thrombosis of an unruptured intracranial aneurysm can lead to downstream infarction, we were unable to find prior studies evaluating unruptured intracranial aneurysms as an independent risk factor for ischemic stroke. After adjusting for patient-level confounders by using patients as their own controls, we did not see evidence of an association between unruptured aneurysms and brain infarction. Our findings suggest that unruptured aneurysms are unlikely to be a significant cause of stroke at a population level. However, our results do not rule out that specific aneurysms can in rare cases result in thromboembolic stroke. The risk of thromboembolism from an aneurysm likely depends on various lesion characteristics such as size and location. 5, 14 Our results were concordant with those of prior epidemiological studies showing that aneurysms are found most commonly in the internal carotid arteries and least commonly in the posterior circulation. 5, [14] [15] [16] [17] In addition, a report of 9 cases of possible aneurysm-induced brain ischemia indicated that the aneurysms were most commonly found in the internal carotid arteries. 3 Therefore, it is unlikely that the absence of an association in our study was because of the distribution of aneurysm location in our cohort. However, when comparing our study's population sample to patients identified in previous case reports of possible aneurysm-related stroke, 3, 6, 9 the average size of the unruptured aneurysms in our population was smaller. Our results therefore do not rule out an association between very large aneurysms and thromboembolic stroke; however, we found no association even when we limited our analysis to larger aneurysms. With respect to aneurysm prevalence among our sample, aneurysm prevalence has been previously reported as higher among ischemic stroke patients than the general population. Studies of ischemic stroke patients who have received intravenous thrombolysis report aneurysm prevalence ranging from 3.0% to 9.5%. [18] [19] [20] [21] [22] Many of these studies included only patients undergoing thrombolysis, who may have a different of aneurysm prevalence than other stroke patients. The generally higher prevalence of aneurysms among ischemic stroke patients is likely because stroke patients are typically older and harbor more vascular risk factors which can promote aneurysm formation. However, it is also possible that the relatively high overall prevalence of aneurysms in our population suggests that they may play an etiologic role in stroke which was not fully captured in our within-subjects design.
Our findings should be considered within the context of our study's limitations. First, our single-center cohort of patients is not representative of the general population, and the subset of patients who underwent both magnetic resonance imaging and had arterial imaging were not necessarily representative of the overall CAESAR population, both of which limit the generalizability of our results. Second, although the study was designed to evaluate aneurysms regardless of shape and size, most of the lesions in this study were small and saccular. Our results were unchanged when we assessed only aneurysms >5 mm. A post hoc sensitivity analysis excluding aneurysms <10 mm similarly demonstrated no association with stroke, but aneurysms of this size are rare and this analysis was thus limited by a small sample size. We therefore cannot rule out that very large aneurysms may rarely result in thromboembolism. Third, given our within-subjects design, we excluded aneurysms in the posterior circulation or along the anterior cerebral and anterior communicating arteries. This is unlikely to have biased our results given that prior reports have documented aneurysms as possible sources of distal embolization at various locations along the intracranial arteries. 3, 6, 7 Fourth, the inclusion of strokes typically associated with nonthromboembolic pathophysiological mechanisms may have masked a potentially significant association between aneurysm and stroke. However, our findings were unchanged in post hoc sensitivity analyses excluding strokes because of dissection, lacunar disease, or hypoperfusion. Fifth, some of our secondary analyses seem underpowered based on the width of their CIs. Nevertheless, a power calculation indicated that we had adequate power to detect an absolute difference >3.3%, even in our smallest and most restrictive analysis. Sixth, we lacked more granular information about the cause of strokes that occurred among patients with aneurysms. For example, blackblood magnetic resonance imaging techniques can facilitate granular visualization of flow turbulence arising from abnormalities such as an intra-aneurysmal thrombus. However, these imaging modalities are not frequently used diagnostically for stroke patients at our institution. Our interpretation of these results suggests that though unruptured intracranial aneurysms may be a rare cause of stroke, they account for a negligible proportion of stroke burden at a population level.
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